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INTRODUCTION 

O i l  agglomeration i s  an e f f e c t i v e  technique f o r  recovering and deashing coal f ines.  
I n  add i t i on  t o  conventional uses o f  o i l  agglomeration, c e r t a i n  features make i t  
a t t r a c t i v e  as a pretreatment f o r  coal l i que fac t i on .  The small coal g r i n d  size 
required for l i q u e f a c t i o n  may improve the release o f  mineral contaminants from the 
coal. These s izes may be more eas i l y  handled by o i l  agglomeration than by conven- 
t i ona l  c leaning methods. The use o f  process-derived o i l  e l iminates the  addi t ional  
cost of t he  agglomerating o i l .  It a l so  has been shown t h a t  p y r i t e  i s  no t  e f fec -  
t i v e l y  removed from coal f i nes  by o i l  agglomeration (l), since i t s  surface i s  
read i l y  coated by o i l .  P y r i t e  i s  recognized as a l i q u e f a c t i o n  c a t a l y s t  (2) and 
re ten t i on  of t h i s  mineral can be bene f i c ia l  i n  l i q u e f a c t i o n  processes. The economic 
incent ive f o r  lower ing the ash content o f  l i q u e f a c t i o n  feedstocks r e s u l t  from: 
1) the p o t e n t i a l  o f  down-sizing or  e l im ina t i ng  deashing equipment, 2) improved 
y ie lds  from more e f f i c i e n t  ash re ject ion,  3) reduced erosion/abrasion o f  equipment, 
and 4) s l i g h t l y  improved organic throughputs r e s u l t i n g  from reduced ash inventory 
i n  the system. 

The goal o f  t h i s  work was t o  determine i f  coal l i q u e f a c t i o n  process o i l s  are ef fec-  
t i v e  i n  c leaning low-rank coals  (subbituminous and l i g n i t e )  by agglomeration. 
Previous work o f  t h i s  nature i n  t h i s  l abo ra to ry  has been l i m i t e d  t o  character izat ion 
o f  o i l s  f o r  the agglomeration o f  bituminous coal (3) .  The work repor ted here has 
been described i n  complete d e t a i l  i n  DOE repor ts  (u). The coals tested consisted 
of  three subbituminous coals, a Texas l i g n i t e ,  and a bituminous coal ( f o r  comparison 
and es tab l i sh ing  operat ing condi t ions) .  The agglomerating o i l s  inc luded petroleum- 
derived No. 2 d i e s e l  f u e l  and No. 6 f u e l  o i l ,  two Lummus In tegrated Two-Stage Lique- 
fact ion (ITSL) d i s t i l l a t e s  from bituminous coal runs, and a W i l s o n v i l l e  ITSL 
d i s t i l l a t e  from a run  w i t h  Texas l i g n i t e .  Past bench-scale work a t  Consol using 
s im i la r  equipment has provided r e s u l t s  which were scalab le t o  commercial operation 
a t  40 t ph  (6). 

EXPERIMENTAL 

The coals  used i n  the t e s t s  are described i n  Table 1. A l l  coa ls  were run-of-mine; 
several were suppl ied prev ious ly  ground. The agglomerating o i l s  and su r fac tan t  are 
described below, and selected proper t ies are shown i n  Table 2. 

0 
0 
0 

Diesel Fuel No. 2 - Purchased l o c a l l y .  
Fuel O i l  No. 6 - A P I  g r a v i t y  13, low s u l f u r  2rade. 
Lummus Run 3LCF9 - A sample o f  t he  500 x 850 F d i s t i l l a t e  second-stage product 
produced i n  October 1982 a t  the Lummus ITSL PDU dur ing a per iod o f  run 3LCF9 
us ing Old Ben No. 1 Mine (Indiana V) coal. 
Lummus Run 3LCF7 - A composite sample o f  the 850°F- d i s t i l l a t e  p o r t i o n  o f  the 
second-stage heavy-o i l  product made dur ing Run 3LCF7 o f  the Lummus ITSL PDU w i t h  
Old Ben No. 1 Mine (Indiana V) coa l .  

0 

5 8  



I 

Wi lsonv i l l e  Run 255 - A sample o f  the recyc le d i s t i l l a t e  inventory  (V-1074) from 
5/2, 4, 6, 7/88 dur ing Run 255, made wh i l e  the p l a n t  processed M a r t i n  Lake 
(Texas) l i g n i t e ,  nominal b.p. about 650 x 1000°F. 
Cresy l ic  Ac id No. 83 Black (Merichem Company, Houston, Texas). 0 

Agglomeration experiments were performed i n  a cy1 i n d r i c a l  s ta in less  s t e e l  vessel 
(Figure 1). The d r i v e  motor i s  ra ted  a t  1700 rev/min. The t e s t  procedure i s  shown 
i n  Figure 2.  A c y l i n d r i c a l  heat ing mantle was used when t e s t s  were made above, 
ambient temperature. 

Inversion, o r  phase separation, was manifested by a d i s t i n c t  change i n  the sound 
produced by the mixing ac t i on  and by changes i n  c o l o r  and tex tu re  a t  the surface o f  
the s l u r r y .  I n  some tes ts ,  add i t i ona l  o i l  was added t o  increase agglomerate s ize.  
The r e j e c t  mater ia l  was d r i e d  a t  105'C t o  constant weight ( a t  l e a s t  two hours), and 
then weighed and ashed a t  8OOC t o  constant weight ( three hours o r  more). 

The agglomerates were allowed t o  a i r - d r y  u n t i l  they were v i s i b l y  d ry  (16-48 hours). 
Moisture and ash were determined on the aggJomerated products. 

Organic recoveries, ash re jec t i ons ,  and ash balances were determined as shown below: 

Organic Recovery = 

[1 - 
mass o f  d r  r e ' e c t  - mass o f  ash i n  r e i e c t  

mass 0; MA.; coal t mass o f  o i l  ] 
Ash Rejection = 

(2) 
[mass o f  coal ash charqed - mass o f  ash i n  product 

mass o f  coal ash charged 

Ash Balance = 

(3) 
[mass (ash) i n  aqqlomerates t mass (ash) i n  d ry  r e j e c t  

mass o f  coal ash charged 1 
Though not  determined, o i l s  were assumed t o  be ash-free f o r  the ca l cu la t i ons .  The 
ash balance ca l cu la t i ons  (Table 3) do no t  account f o r  any water-so lub le ash. 
However, elemental analyses o f  products, r e j e c t s  and water-soluble ash from two runs 
were used t o  obta in  complete ash elemental balances and r e j e c t i o n  s e l e c t i v i t i e s .  

RESULTS AND DISCUSSION 

General 

Results are repor ted f o r  nineteen successful agglomeration t e s t s  performed w i t h  s i x  
coal samples ( l i g n i t e  through hvAb) and f i v e  d i f f e ren t  agglomerating o i l s .  Unsuc- 
cessfu l  t r i a l s  are described i n  another repo r t  (g), but not  presented here. Table 3 
g ives the condi t ions and r e s u l t s  o f  a l l  the successful agglomeration t r i a l s  ( i . e , ,  
those runs which produced agglomerates). Organic recoveries ranged from 85% t o  100% 
and were greater  than 98% f o r  a l l  the low-rank coal t es ts .  Ash re jec t i ons  ranged 
from -1% t o  72%. Ash 
balances were 73% t o  108% (not  accounting f o r  water-soluble re jected ash). 

A f t e r  i n i t i a l  work w i t h  a v a r i e t y  o f  coals, e f f o r t s  were concentrated on Texas 
l i g n i t e  and Wyodak subbituminous coal .  O f  ten t e s t s  conducted w i t h  Texas l i g n i t e ,  
f ou r  produced agglomerates w i t h  a petroleum o i l  and one produced agglomerates w i t h  
a coal l i que fac t i on  o i l  ( f o r tu i t ous l y ,  the l i g n i t e - d e r i v e d  o i l ) .  Ash r e j e c t i o n  w i t h  

The low-rank coal t e s t s  gave ash re jec t i ons  o f  up t o  56%. 
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No. 6 fuel oil ranged from 39 to 56%, while the lignite-derived oil gave 39% ash 
rejection. Organic recoveries were always greater than 98% and ash balances ranged 
from 73% to 100%. 

Wyodak subbituminous coal was successfully agglomerated with three different coal 
liquefaction oils and one petroleum-derived oil. Ash rejections with the coal 
liquefaction oils ranged from 6 to 19%. With No. 6 fuel oil, ash rejections were 
1 to 15%. Organic recoveries were about 98% and ash balances ranged from 88 to 
102%. 

A chart of the coal/oil combinations used appears below. 

CHART OF COAL/OIL COMBINATIONS TESTED FOR AGGLOMERATION 

Oi ls  

ClYLS 

YYodaL Pittstursh 
K - m  Sem 
-it. B i tm.  

w 
T u s s  (Coarse) ( F i n )  

L i m i t =  -it. Wit. Wit. 

Diesel o i l  +* 
NO. 6 Fuel O i l  *?++ + 0 0 0 

Lurrmo 3LCFP O i l  +t ++ 

L W E  JLCFT O i l  0 0 0 0 

U 'v i l l e  Rm 255 +- 0 0 0 0 ,  

- = No agglomeration 
+ = Agglomeration 
0 i No test performd u i th  t h i s  cmbinstion 

The low-rank coals are ranked Kemmerer > Wyodak fine - Wyodak coarse - Rosebud > 
Texas lignite in terms o f  ease of agglomeration. Kemmerer coal appears to be 
equivalent to Pittsburgh seam coal in ease of agglomeration, but the Kemmerer coal 
had a very low initial ash content and thus gave low ash rejections. There was no 
difference evident in the response to agglomeration of -200 mesh (finely ground) 
compared with -28 mesh (coarsely ground) Wyodak coal. Some mineral liberation 
effect may have been evident, since the coarser grind size gave a maximum ash 
rejection of lo%, compared to 19% for the finer grind size. 

The oils appear to be ranked No. 6 fuel oil > the three coal liquefaction oils 
> diesel oil in agglomerating ability. Every coal liquefaction oil successfully 
agglomerated one of the Wyodak coals, but no data are available to directly compare 
them in agglomeration of other coals. It appears that appropriate agglomeration 
temperatures for the oils are: room temperature for diesel oil and the two Lummus 
oils; 38OC for Wilsonville oil; and 5 4 O C  for No. 6 fuel oil. Note that no systematic 
attempt was made to optimize the agglomeration temperature for each oil. Precedent 
for effective temperatures for No. 6 fuel oil and the two Lummus oils was 
established in earlier work using bituminous coals (1). 
Effects o f  Promoter and DY 
It was reported elsewhere that cresylic acid promoted the agglomeration of lignite 
(1). Cresylic acid was used as a surfactant or additive in five runs, with the 
following effects: 1) it was necessary for the agglomeration of the lignite with 
the lignite-derived oil at the conditions tested (Run 35), 2) it appeared to improve 
ash reJection (Wyodak subbituminous coal (Runs 23 and 36), but not lignite), 3) it 
improved the slow kinetics of agglomeration of the lignite, and 4) it lowered the 
ash balance. In Run 30 (no cresylic acid), the induction period for phase inversion 
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was about 40 minutes. In Run 33, w i t h  c r e s y l i c  acid, t he  induct ion per iod was about 
6 minutes. Obviously, t h i s  has s i g n i f i c a n t  consequences f o r  any commercial 
app l i ca t i on  o f  t h i s  technology. The l i g n i t e  i s  the on ly  coal t h a t  was successfu l ly  
agglomerated which showed any s i g n i f i c a n t  k i n e t i c  l i m i t a t i o n  i n  agglomeration; the 
other  coals had induct ion periods o f  two minutes o r  l ess .  I n  Run 35, the i nduc t i on  
t ime was about 12 minutes. A s i m i l a r  run made wi thout  c r e s y l i c  ac id  was terminated 
a f t e r  one hour wi thout  agglomeration. These r e s u l t s  i nd i ca te  t h a t  c r e s y l i c  ac id  
speeds up the  agglomeration o f  t he  l i g n i t e .  

I n  several agglomeration t r i a l s ,  the pH was adjusted by the add i t i on  o f  various 
reagents p r i o r  t o  o i l  addi t ion,  wi thout  e f f e c t  i n  most cases. The one exception was 
Run 31, i n  which the s l u r r y  pH was adjusted from 6.8 t o  2.0 by the add i t i on  o f  HC1. 
The run  was otherwise i d e n t i c a l  t o  Run 30. The lower pH resu l ted  i n  f a s t e r  
agglomeration (phase invers ion a f t e r  9 minutes instead o f  40 minutes), h igher  ash 
r e j e c t i o n  (56% vs 46%) and a lower ash balance (73% vs 96%). This i s  very s i m i l a r  
t o  some o f  the ef fects  caused by the  add i t i on  o f  c r e s y l i c  acid. Note t h a t  c r e s y l i c  
ac id  had no e f f e c t  on s l u r r y  pH. 

Elemental Bal ances 

It i s  necessary t o  analyze the re jec ted  water ( f i l t r a t e )  t o  c lose ash and ash 
elemental balances. Complete ash and elemental balances were obtained from one 
agglomeration run w i t h  Mar t i n  Lake (Texas) l i g n i t e  (Run 35) and one run w i t h  Clov is  
Point  (Wyodak seam) subbituminous coal (Run 35). 

L i q u i d  and s o l i d  samples were analyzed i n  dup l i ca te  by ICP-atomic emission spec- 
troscopy. Average elemental r e s u l t s  were used t o  ca l cu la te  a mass balance f o r  ash 
and f o r  each element. The balances f o r  ash and ash elements r e l a t i v e  t o  the feed 
coal (i.e., feed coal has 100% o f  each component) are shown i n  Figure 3 .  Ash 
elemental analyses f o r  t he  feed coals are g iven i n  Table 1. Ash balances shown are 
on an SO,-containing and an SO,-free basis. SO, r e t e n t i o n  i s  an a r t i f a c t  o f  the 
ashing process. The SO,-free ash balances are a b e t t e r  representat ion o f  the coal 
mineral balances. I n  coal l i que fac t i on ,  the f a t e  o f  the mineral mat ter  i s  more 
important than the  f a t e  o f  t he  ash. For the  Wyodak coal t e s t  (Run 36),  ash r e j e c -  
t i o n  was 19.2% (whole-ash and SO,-free ash bases). For the l i g n i t e  t e s t  (Run 35),  
the ash r e j e c t i o n  was 38.7% (SO,-containing bas is)  and 44.3% (SO,-free bas is) .  This 
suggests t h a t  SO,-free ash r e j e c t i o n s  may be uni formly greater  than the.whole-ash 
re jec t i ons  repor ted f o r  the l i g n i t e  tes ts .  This r e s u l t s  from the se lec t i ve  
r e t e n t i o n  o f  Ca (and hence SO,) i n  the product from the l i g n i t e  run. Except f o r  ash 
and ash SOx, a l l  o the r  components y i e l d  the same r e j e c t i o n  r e s u l t s  when t rea ted  on 
e i t h e r  basis. Overa l l  ash balances were 93 t o  96%. Ash balances f o r  i nd i v idua l  
elements ranged from 89 t o  113% f o r  Run 35 and from 84 t o  125% f o r  Run 36. The 
balance f o r  Na,O was the highest (113% and 125%) observed. Other elements gave 
balances lower than 106%, w i t h  most i n  the  89 t o  96% range. Sodium was g rea t l y  
reduced i n  the product agglomerates, and most o f  i t  ended up i n  the water. 

Shown i n  Figure 4 i s  t he  s e l e c t i v i t y  f o r  r e j e c t i o n  o f  each o f  the ash elements, 
computed on an SO,-free basis, f o r  each o f  the runs. S e l e c t i v i t y  was obtained by: 

ut oxide in ~roduct w t  ash in feed 
selectivity for Rejection = Yt in feed x in product x 100% (4) 

The values thus obtained are l ess  than 100% f o r  components s e l e c t i v e l y  re jec ted  from 
the  product ( i .e.,  re jec ted  t o  a greater  degree than the ove ra l l  ash) and greater  
than 100% f o r  components s e l e c t i v e l y  re ta ined i n  the product. I t  i s  evident t ha t  

.Al,O,, TiO,, Fe,O,, CaO and MgO were s e l e c t i v e l y  re ta ined i n  the products and SiO, and 
Na,O were s e l e c t i v e l y  re jec ted  from the p ro jec ts  i n  both runs, although re ten t i on  
o f  Fe,O CaO and MgO was small i n  Run 36 (Wyodak). K,O was re jec ted  and PO 
r e t a i n e r  i n  Run 35 ( l i g n i t e ) ,  but  no s e l e c t i v i t y  f o r  e i t h e r  was observed i n  Run% 
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(Wyodak). Also, ash SO was retained in Run 35 (lignite), but showed no selectivity 
in Run 36 (Wyodak). f h e  fates of the ash elements are clearly illustrated in 
Figures 3 and 4. 

CONCLUSIONS 

This work demonstrated that low-rank coals can be cleaned by agglomeration with coal 
liquefaction oils. To the authors' knowledge, this is the first time cleaning of 
low-rank coal by agglomeration with coal liquefaction oils has been demonstrated. 
It is expected that agglomeration performance, e:g., ash rejection and induction 
time could be further improved by additional testing. 

The Texas lignite is readily cleaned by oil agglomeration, with ash rejections of 
50% and higher possible. The Wyodak and Kemmerer coals used here appear less 
amenable to cleaning by agglomeration, the best ash rejections being about 15 to 
20%. The Kemmerer coal may have been particularly difficulty to deash because o f  
its low original ash content (3.6%). Rosebud coal showed little or no cleanability 
under the conditions used; however, the conditions may have been less than ideal. 

Each of the coal liquefaction oils tested agglomerated at least one of the Wyodak 
coals. The apparent ranking of the coals in ease of agglomeration (not necessarily 
deashing) is Pittsburgh Seam = Kemmerer > Wyodak fine - Wyodak coarse I Rosebud > 
lignite. The apparent ranking of the oils in agglomerating ability (but not 
deashing) is fuel oil No. 6 > the three coal liquefaction oils > diesel oil. 

Ash elemental results show some form of iron, a potential liquefaction catalyst, is 
selectively retained in the agglomeration products. also selectively retained are 
the elements Ti, Ca and Mg. Sodium, a potential poison to supported catalysts is 
selectively rejected. The concentrations of all ash elements, even those that were 
selectively retained, are lower in the agglomerated product than in the feed coal. 
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D e s i O M t i a l  

P i t t s h r g h  Seam 

Uyodak (Coarse) 

Uyodak (Fine) 

Kemnerer 

Texas L i g n i t e  

Rosebud 

TABLE 1 

FEED COAL IDENTIFICATION AND ANALYSES COAL/OIL AGGLOMERATION 

Moisture Ash, 
-rent ut%. u t %  

CDde Mine *ax S t a t e  R a n t  as der. IIF 

nc - -  Pi t tsburgh w hvAb 1.39 26.15 

UC Clovis Po in t  Upper 8 Louer w Sub. 24.6 8.35 
Uydak  

Wad$ 
UF Clovis Point  U p p r  8 Louer w Sub. 20.8 8.41 

KC Kemnerer Adavi I l e  w sub. 17.9 3.55 

TC Mar t i n  Lake U i l cox  TY l i g .  25.9 15.4 

RC Rosebud Rosebud Ml Sub. 22.98 7.41 

Si02 
UMS- 

A l Z m  Ti02 Fern3 Cao M$l YezO KZU Pzo5 503 canted 

TABLE 2 

SPECIFIC GRAVITIES AND 'H-NMR PROTON DISTRIBUTIONS OF AGGLOMERATION OILS AND ADDITIVE 

O i l  D e s i g r a t i m  

No. 2 d iese l  o i l  

No. 6 f u e l  o i l  

L m s  SLCFQ 

L w m s  3LCF7 

U i I s o n v i I l e  R u n  255 

Cresy l i c  ac id  

1.022 

0.931 

(*rad Cyclic A l k y l  C y c l i c  A l k y l  
A r m  Alpha Alpha Beta Beta Gama 

24.5 35.5 12.5 
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